The central nervous system (CNS) is enriched with a developed reaction reserve dubbed "neuroinflammation", which facilitates it to cope with pathogens, toxins, traumata and degeneration. Inflammation is a significant biological activity in reaction to injury, infection, and trauma agonized by cells or tissues. A positive inflammatory reaction mechanism removes attacking pathogens, initiating wound healing and angiogenesis. The High Mobility Group Box 1 (HMGB1) protein is abundant and ubiquitous nuclear proteins that bind to DNA, nucleosome and other multi-protein complexes in a dynamic and reversible fashion to regulate DNA processing in the context of chromatin. Complex genetic and physiological variations as well as environmental factors that drive emergence of chromosomal instability, development of unscheduled cell death, skewed differentiation, and altered metabolism are central to the pathogenesis of human diseases and disorders. HMGB1 protein, senses and coordinates the cellular stress response and plays a critical role not only inside of the cell as a DNA chaperone, chromosome guardian, autophagy sustainer, and protector from apoptotic cell death, but also outside the cell as the prototypic damage associated molecular pattern molecule (DAMP). This DAMP, in conjunction with other factors such as cytokine, chemokine, and growth factor activity, orchestrating the inflammatory and immune response. All of these characteristics make HMGB1 a critical molecular target in multiple human diseases including infectious diseases, ischemia, immune disorders, neurodegenerative diseases, metabolic disorders, and cancer. With regards to these various disease condition above, our review focus on the role of HMGB1 and CNS Diseases.
Introduction
Inflammation is a reaction to the innate immune system that is initiated by infection or injury. It aims to defend and preserve the body by clearing and monitoring the initial stimulus, through the secretion of cells and mediators that fight foreign substances and thus help to inhibit infection [1, 2] . Although inflammation is anticipated to be protective and useful, an extreme inflammatory response can cause auxiliary tissue damage. Once activated, primed inflammatory cells may target remote sites, indicating detrimental effects of long-term inflammation [2, 3] . The brain has been seen as an immune privileged site due to the presence of extremely restrictive blood brain barrier (BBB). Though, "neuroinflammation," inflammation of the central nervous system (CNS) still happen [2] .
High Mobility Group Box 1 (HMGB1) with about 106 molecules per cell, is the most highly secreted of all the High Motility Group family [4] . The name HMGB1 was coined out due to its rapid mobility on electrophoresis gels and function as a nuclear DNA binding protein. HMGB1 is greatlysecreted in various tissues and higher levels are found particularly in the spleen and thymus [5] . The threshold for the HMGB1 requirement to function in various biological processes may differ and may also depend on the cell type. Research has indicated that the secretion of HMGB1 in myeloid cells is higher than in lymphoid cells [6] and correlates with the differentiation stage of these cells [7] . It is clear that the secretion of HMGB1 is up regulated in cancer, but down regulated during aging [5, 8] which indicate its critical role in development and cancer. It has also been indicated that over secretion of HMGB1 in cardiac tissue by transgenic methods significantly increases survival and protects mice against myocardial infarction by enhancing angiogenesis and cardiac function [9] . Studies have shown that conditional knockout of HMGB1 in the pancreas [10] , liver [11] , or macrophages [12] renders mice more sensitive to pancreatitis, liver ischemia/reperfusion injury and sepsis respectively. It is also indicated that HMGB1 conditional knockout strategies may cause substantially different functional phenotypes in the liver and heart [13] .
Researchers have developed interest in exploring of the role of HMGB1 in the CNS very recently and HMGB1 has been studied extensively in patients affected with autistic disorders, anorexia nervosa, traumatic brain injury (TBI) in which HMGB1 levels are increased in cerebrospinal fluid (CSF), cell necrosis, bacterial and aseptic meningitis, epilepsy and febrile seizures where HMGB1 and proinflammatory cytokines (PIC) play a crucial pathogenic role. Research conducted with the intention of possible creation of a novel antiepileptic strategy based on pharmacological modulation of HMGB1-TLR/RAGE axis showed increased values of HMGB1 in both serum and CSF in patients with neuromyelitis optica and multiple sclerosis [14] [15] [16] . Initial studies have found out that HMGB1 mRNA levels are elevated in patients with TBI with most injuries located at the parieto-frontal cortex [17] and intracerebroventricular (ICV) injection of HMGB1 increases tumor necrosis factor-alpha (TNF-α) bioactivity in mouse brain and produces aphasia and taste aversion [18] . Current studies have also demonstrated the role of HMGB1 as a PIC with activity in the CNS. More studies have also been done on the various CNS disease. We review the cogent role of HMGB1 in these diseases and its therapeutic potentials as well as its PIC activities in the brain.
Structure of HMGB1
HMGB1 is made up of three cysteine residues. Two of which form a disulphide bond and all three are sensitive to oxidation status in the environment. HMGB1 now grouped into three isoforms and these isoforms are named "disulphide HMGB1", "thiol HMGB1" and "oxidized HMGB1" [19] [20] [21] . These isoforms have pleiotropic activities like any other cytokine and the activities depend on the cellular compartment of action, the reciprocal receptor and the specific molecular structure of the isoform. The principal isoform secreted during necrosis is thiol HMGB1 while the disulphide HMGB1 isoform is the main isoform that gathers in the extracellular space and serum compartment during acute and chronic inflammation. It is PIC-like molecule that activates macrophages/monocytes and other cells to produce cytokines and additional inflammatory mediators. The oxidized HMGB1 isoform is seen as noninflammatory, although the initial roles of this molecule is yet be known [21, 22] .
The role of nuclear HMGB1
HMGB1 acts a chaperone in the nucleus and regulates a number of key activities such binding and bending of DNA as well as chromatin replication and nucleosome assembly. Studies have shown that HMGB1 and linker histones (H1 and H5) are the important proteins that bind to linker DNA between successive nucleosomes in the chromatin fiber [23] which happens at their acidic and basic tails respectively [24] . Research has also demonstrated elevation of Circulating nucleosomes including histones and genomic DNA in patients with cancer, stroke, trauma, sepsis, and autoimmune diseases [25] . It is also now clear that the ability of HMGB1 to bind to DNA is also regulated by post-translational modifications (e.g., phosphorylation, acetylation, and oxidization) [26] . It is known that during V (D) J recombination, HMGB1 plays a vital role in the formation of RAG-RSS-HMG complexes to enhance RAG1/RAG2 activity [27] .
It has also been indicated that during replication, the role of HMGB1 in DNA is regulated by posttranslational modification in which the phosphorylated form of HMGB1 reduces the HMGB1-mediated polymerizing activity of DNA polymerase but does not influence its binding to single stranded DNA (ssDNA). Studies have also indicated that HMGB1 play a crucial role in transcription rates and gene expression by enhancing interaction with RNA polymerase (transcription by RNA polymerase II), promoting interaction with the TBP (TATA binding protein)/TATA-box complex [28] and long terminal repeat (LTR) [29] affecting recruitment of other general transcription factors, sustaining nucleosome dynamics and number at a global level, promoting assembly [30, 31] and acting as an activator, enhancer, repressor, or silencer locally by interfering with several sequence-specific transcription factors to their cognate DNA. It is also demonstrated that HMGB1 has a dual role in DNA repair and cell death which depends on multiple factors were up or down regulation of HMGB1 enhance its translocation from the nucleus to the cytoplasm, increase DNA damage, decrease DNA repair efficiency and also increase cell death in response to chemotherapy, irradiation, and oxidative stress as a result of HMGB1 directly binding to a variety of bulky DNA lesions hence allowing it to participate in DNA repair pathways.
Yuang and colleagues reported involvement of HMGB1 in DNA mismatch repair initiation and excision [32] but Robertson et al. indicated that base excision repair is an evolutionarily-conserved pathway that corrects base lesions generated from oxidative, alkylation, deamination, and depurinatiation/depyrimidination damage [33] . It is now noted that two sub pathways, short-patch and long-patch are involved in base excision repair with short-patch pathway leading to insertion of a single nucleotide, while the long-patch pathway is involved in insertion of at least two nucleotides. The role of these two sub pathways are to initiate DNA glycosylase that recognizes a damaged base or a base in a specific DNA sequence and then removes the base by hydrolysis of the N-glycosylic bond.
HMGB1 is also now known to function as a regulator of the base excision repair pathway by its DNA binding and protein interaction activity [34] .
Research again indicated that HMGB1 in yeast and mammalian cells promotes chromosomal instability and telomere aberrant events [35] . It is also indicated that a catalytic protein subunit (telomerase reverse transcriptase, TERT) and an RNA subunit (telomerase RNA, TR) are the two main core components in telomerase with shelterin; a six-subunit protein complex (TRF1, TRF2, TIN2, Rap1, TPP1, and POT1) as protecting agent. It has also been proven that HMGB1 acts as a cellular cofactor of Sleeping Beauty (SB) transposase, and physically interacts with SB to facilitate SB binding to the inner direct repeat element via its binding activity, which in turn stimulates synaptic complex formation and DNA recombination hence over secretion of HMGB1 by gene transfection has the ability to enhance SB mediated transposition efficiency, which provides a novel DNA transposition system for gene transfer [36] . It is clear that HMGB1 has the ability to enhance other DNA transposition systems such as herpes simplex virus/Sleeping Beauty (HSV/SB) amplicon vector platform [37] which means HMGB1 is an excellent candidate for improving gene transfer in gene therapy. Also HMGB1 promotes transfection efficiency in several systems by its nuclear localization signals and DNA binding ability [38, 39] hence HMGB1 may be useful as a non-toxic gene delivery carrier in gene therapy [40] . Weber et al. indicated that extranuclear HMGB1 does not necessarily induce a proinflammatory cytokine response in the brain; rather, HMGB1 can potentiate the effects of a subsequent neuroinflammatory challenge [41] .
Cytoplasmic HMGB1
Studies have shown that cytoplasmic HMGB1 binds many proteins involved in autophagy [42] , cancer progression, and possibly the unconventional secretory pathway [43] . Lee et al. indicated that cytoplasmic HMGB1 is over-secreted and colonialized with lysosomal protein in colon, liver, and gastric cancer cells. They noted that among the cytoplasmic HMGB1-binding proteins, nine of them are related to protein translocation and secretion. Of these, annexin A2, myosin IC isoform A, myosin-9, and Ras related protein Rab10 are directly associated with the process of unconventional protein secretion which has been confirmed by an immunopreciptation experiment [43] . These identified HMGB1-binding molecules suggests new clues about the cytoplasmic functions of HMGB1 in cancer cells. HMGB1 not only binds to DNA, but also interacts with many none specific proteins by recognizing short amino acid sequence motifs [44] . Studies have indicated that HMGBI acts as an important biosensor of nucleic acid inside the cells and DNA or RNA derived from viruses, bacteria, or damaged cells trigger innate immune responses through HMGB1 which is required for subsequent recognition by specific pattern receptors [45] .
Extracellular HMGB1
HMGB1 plays an important extracellular role in inflammation, immunity, cell growth, cell proliferation, and cell death. It is also massively secreted into the extracellular space by dead or dying cells [20] . We are now aware that extracellular HMGB1 acts as a DAMP to alert the innate immune system by recruiting inflammatory, smooth muscle cells, mesangioblasts, and stem cells [20] . In addition, extracellular HMGB1 acts as an immune adjuvant to trigger a vigorous response to activation or suppression of T cells, dendritic cells, and endothelial cells. Studies have shown that activated immune cells (e.g., macrophages, monocytes, and dendritic cells) and endothelial cells also release HMGB1, which in turn forms a positive feedback loop that causes the secretion of additional cytokines and chemokines following inking of multiple receptors which means that HMGB1 sustains a longterm inflammatory state under stress [20] . Research has also demonstrated that extracellular HMGB1 has antibacterial, cell growth, and mitotic activity and are not only mediated by receptors, but also by its Redox state and structure [46] .
HMGB1 as pro-inflammatory cytokine
It is well noted now that PIC is involved in a variety of immune and inflammatory responses, most notably, the initiation of an adaptive local inflammatory response that helps to contain and eliminate invading pathogens. Studies has now implicated HMGB1 as a PIC, an extracellular mediator of the innate immune system. Experimentally studies have demonstrated that bacterial lipopolysaccharide (LPS, endotoxin), a component of the cell wall of Gram-negative bacteria activates different kinds of cells to produce and secrete PICs. Researcher have shown that thermal (burn) injury increase secretion of PIC mRNA in various tissues, increases the release of HMGB1 mRNA in lung and liver [47] .
In vitro studies has revealed that macrophages, monocytes, and pituicytes stimulated with LPS, interleukin-1( IL-1), or TNF-α secrete HMGB1 [48, 49] and stimulation with HMGB1 increases the release of TNF-α mRNA and induces the secretion of PICs from monocytes [50, 51] . Figure 1 . It has also been revealed that high doses of TNF-α, IL-1, or HMGB1 are lethal, while lower doses produce signs of endotoxemia, including lethargy, piloerection and diarrhoea [48] . Further research has shown that Pathological quantities of LPS increase levels of IL-1 and TNF-α in serum and peripheral immune tissue (e.g. Lung and liver) and the pharmacological inhibition of any of these mediators significantly improves survival after a lethal dose of endotoxin [52, 53] . Studies have also demonstrated that intratracheal administration of HMGB1 produces inflammatory injury to the lungs, with neutrophil accumulation, the development of lung oedema, and increased pulmonary production of IL-1 and TNF-α while anti-HMG antibodies protect against endotoxin-induced acute lung inflammation [54] .
Many authors have indicated that Classic pro-inflammatory cytokines (cPICs) e.g. IL-1b and TNF-α are synergistic, redundant, and pleiotropic molecules produced by a variety of cell types including phagocytic cells such as monocytes/macrophages and CNS cells such as astrocytes and microglia. In comparison, administration of killed bacteria or TNF-α near healthy peripheral nerves creates exaggerated pain states such as mechanical allodynia [55, 56] whereas HMGB1 administered over the sciatic nerve induces this enhanced pain state [57] which means that HMGB1 have similar potential as killed bacteria or TNF-α which are usually PICs. Further studies have demonstrated that Peripheral administration of PICs induces a constellation of CNS-orchestrated alterations that include fever, increased non-rapid eye movement sleep, mechanical allodynia, adipsia, aphasia, and reduced social and exploratory behaviours [55, [58] [59] [60] . Furthermore, central administration of PICs also produces mechanical allodynia, learning impairments, adipsia, aphasia, and reduced social and exploratory behaviours [61] [62] [63] [64] .
Research has also indicated that Peripheral LPS administration also produces this CNSorchestrated sickness response [61, 65, 66] , markedly elevates PIC mRNA, IL-1, TNF-α and protein levels but HMGB1 mRNA was unchanged in the CNS [67, 68] . The action of PICs within the CNS is crucial for the manifestation of these CNS coordinated components of host defence. It is also indicated that the central administration of inhibitors of PICs inhibits the CNS mediated effects of peripheral immune stimulation and other cytokine-elevating stimuli [69, 70] . Most recent studies have indicated elevation of HMGB1 mRNA in the parieto-frontal cortex in traumatic brain injury [17] and intracerebroventricular (ICV) injection of HMGB1 increases TNF-α bioactivity in mouse brain and produces aphasia and taste aversion [18] which confirms the role of HMGB1 as a PIC with activity in the CNS. Figure 1 . HMGB1 as a PIC and LPS activates CNS cells to produce and secrete PICs. Thermal (burn) injury increase secretion of PIC mRNA in tissues. A complex formed by macrophages, monocytes, and pituicytes stimulated with LPS, interleukin-1(IL-1), or tumour necrosis factor-a (TNF-α) to secrete HMGB1 and stimulation with HMGB1 increases the release of TNF-α mRNA and induces the secretion of PICs from monocytes. Membrane-bound HMGB1 (PIC-like) can bind to the receptor for RAGE and their interaction induce IL-8 production and activate NF-kB and p38 MAP kinase pathways leading fever in the CNS. LPS, interleukin-1 (IL-1), or tumour necrosis factor-a (TNF-α) complex can also produce fever directly with HMB1. HMGB1 may also suppress PIC release induced by HMGB1-TLR4 signalling, binding, and signalling through a bimolecular cell surface receptor complex formed by CD24 and Siglec-10 (in humans) or Siglec-G (in mice).HMGB1 act by TLR9 signalling, presenting several ligands, such as ssDNA or branched RNA structures, to its receptor.HMGB1 once released from neuronal death, binds to several receptors such as RAGE, TLR-2, TLR-4, and Mac1 in microglia, which in turn facilities neuroinflammation injury (CNS Diseases) and further HMGB1 release. Recent studies has implicated IL-1 and TNF-α to increase core body temperature (CBT) when administered directly into the brain [71] [72] [73] (Figure 1 ). Some researcher have argued that while many PICs exhibit pyrogenic activity and increase IL-1 levels when injected directly into the brain, the effect of HMGB1 on CBT and hypothalamic IL-1 levels was unknown but current finding indicates that HMGB1 increased CBT and hypothalamic IL-1 levels and produced mechanical allodynia, confirming that HMGB1 can exert PIC-like effects in the CNS [74] . It is known that cytokine-induced fever is often marked as prostaglandin-dependent or prostaglandin-independent (i.e. via certain chemokines such as IL-8). It is also clear that synthesis of prostaglandins, which regulates several functions in the CNS such as the generation of fever and the perception of pain, appears to be highly regulated by both NF-kB and p38 mitogen activated protein (MAP) kinase pathways [75, 76] . With the recent finding of HMGB1 as a PIC peripherally and exerts cytokine-like activity in brain, we propose that further research should conducted to ascertain the role of HMGB1 in the CNS.
Signalling pathways of pro-inflammatory cytokine like HMGB1
The mechanism by which HMGB1 carry out its PIC-like effects within the CNS is still a matter of debate between researches as shown in Figure 1 . It is suggested that membrane-bound HMGB1 (termed ''amphoterin'') can bind to the receptor for advanced glycation end products (RAGE) [77] and their interaction induce IL-8 production and activate NF-kB and p38 MAP kinase pathways [78, 79] . Therefore, HMGB1 may produce PIC-like effects directly by activating signaling cascades utilized by cPICs (i.e. NF-kB and p38 MAP kinase pathways) or indirectly by inducing cPICs. It has been demonstrated that HMGB1 may also suppress PIC release induced by HMGB1-TLR4 signaling, binding, and signaling through a bimolecular cell surface receptor complex formed by CD24 and Siglec-10 (in humans) or Siglec-G (in mice) [80] . It's now also clear that HMGB1 act by TLR9 signaling, presenting several ligands, such as ssDNA or branched RNA structures, to its receptor [81] . Gao et al. indicated that HMGB1 once released from neuronal death binds to several receptors such as RAGE, TLR-2, TLR-4, and Mac1 in microglia which in turn facilities neuroinflammation injury and further HMGB1 release [82] .
HMGB1 and central nervous diseases
We highlight the relationship between the HMGB1 and the varies CNS disease below. We try to elaborate on the varies disease firstly my looking broadly at the neuroinflammation mechanisms described by varies authors and secondly the epochal neuroinflammatory role of HMGB1and its receptors in aging and diverse CNS diseases.
Aging
Fu et al. noted a significate association between serum levels of HMGB1 and MyD88 during aging process in healthy people and their association with cathepsin B [83] . HMGB1 initiates inflammatory pathways through TLR4 [84] [85] [86] . TLR4 signaling is mediated by two distinct intracellular adaptor proteins: one known as myeloid differentiation factor 88 (MyD88) [83] . Cathepsins (the member of lysosomal enzymes group) have a significant function in the aging process. During aging, lipofuscin buildup can stimulate lysosomal membrane rupture. The membrane damage can lead to the release of cathepsin B, which is known to induce inflammasomes [87] . Fu et al. demonstrated that HMGB1 and MyD88 were positively linked with cathepsin B, which is known to have an essential role in aging (Table 1) [83] . Morinaga et al. have earlier on indicated that HMGB1 and MyD88 may be involved in the aging process not through inflammatory pathways, but through other pathways, such as poly (ADP-ribose) polymerase (PARP) cleavage [88] (Table 1) . Blocking of TLR2 and TLR4 prevented neuroinflammatory responses during stress exposure which further supported the notion of neuroinflammation during psychological stress.
Initial research implicated HMGB1 as a heparin-binding protein abundantly secreted in rat brain neurons promoting neurite outgrowth [89] . Guazzi et al. indicated that in the early phase (E14.5-E16), HMGB1 is widely secreted throughout the brain while in the late phase (E18) ( Table 1) , HMGB1 is secreted in the cortical plate and thalamic area adults but limited secretion in the regions of neurogenesis [90] . Enokido and co noted that total HMGB1 secretion is highest in the brains of young adults and gradually decline during aging in the brains of mouse models hence they proposed that this could be the cause of continuous breaks of double strand DNA in the aged brain [91] . They also demonstrated that whereas HMGB1 is down regulated in the neurons of the aged brain, it is up regulated in astrocytes, meaning that the secretion of HMGB1 during aging is distinctly regulated between neurons and astrocytes [91] . Also Fang and co demonstrated that HMGB1 flaw plays dual roles in several neurodegenerative diseases, which is initially as a result of polyglutamine (polyQ) expansions in diverse proteins [92] .
Fonken et al. indicated that aged rats show a "primed" neuroinflammatory response. They argue that aged animals do not release more inflammatory molecules under basal conditions, but exhibit a boosted neuroinflammatory response to an immune challenge. They demonstrated that HMGB1 mediates this neuroinflammatory "priming" in aged animals. HMGB1 gene and HMGB1 protein expression were elevated under basal conditions in the hippocampus of aged rats as well as their CSF. They indicated that HMGB1 was likely released from microglia in the aged brain and may interact with upregulated innate immune receptors to prime neuroinflammatory responses. Furthermore, increases in HMGB1 and upregulation of innate immune receptors occurred in the absence of immune stimulation in aged rats [93] .
Huntington's disease
Huntington's disease (HD) is a CNS disorder that is usually progressive in nature and affects muscle coordination and resulting in uncontrolled movements, psychiatric problems, and cognitive decline. HD is an autosomal dominant neurodegenerative disorder that is associated with mutations in the huntingtin gene (htt) [94] . Throughout HD and HD-like pathology, inflammation arises in the CNS, increasing gliosis and release of inflammation related genes, including GFAP and complement proteins [95] . Expression of mutant "htt" in microglia itself is enough to increase the expression of proinflammatory genes such as TNF-α and IL-6 [96] . The proinflammatory signals are thought to stimulate microglia further in inducing neuronal death, and this, in turn, could lead to the activationof chronic "feed-forward loop" [97] .
Furthermore, it is characterized by an expanded trinucleotide repeat (CAG) n encoding glutamine on chromosome 4p16.3. Min et al. have demonstrated that HMGB1 can direct bind to polyQ aggregates and then promote degradation by autophagy or lysosomal pathways (Table 1 ) [98] and induce neuronal cell toxicity. Qi and co proved that the secretion of HMGB1 is decreased when mutant polyQ proteins are secreted in HD [99] . The also indicated that down regulation of HMGB1 in the nucleus leads to DNA double-strand break(DDSB)-mediated neuronal damage in HD (Table 1 ) [99] . Further have shown that HMGB1 acts as a cofactor to base excision repair by increasing activity of apurinic/apyrimidinic endonuclease(APE1) and 5´-flap endonuclease-1 (FEN1) ( Table 1) [34, 100, 101] which prevent the neuronal CAG repeat expansion associated with Huntington's disease. It therefore means that HMGB1 regulates somatic CAG expansion via two different mechanisms. Fascinatingly, HMGB1 seems to be neuroprotective against the polyglutamine repeats toxicity in the HD models by exhibiting chaperone-like activity [2, 79] .
Alzheimer's disease
Alzheimer's disease (AD) is the most common type of dementia characterized by death of brain cells leading to memory loss and cognitive decline. The disease is noted with the formation of extracellular senile plaques and global neuronal loss. It is also associated with the production and deposition of the amyloid-beta peptide (Aβ) and the presence of intracellular tau protein tangles. In AD, microglia and astrocytes were described to confine to amyloid plaques. Consequently, neuroinflammation has been linked with the pathology of AD [102, 103] . While it is clear that not all microglial activation is harmful to neurons, it is widely believed that chronic stimulation of a microglial phenotype plays key part in the pathophysiology of AD [103] . Microglia and astrocytes in and around Aβ plaques release proinflammatory factors and proteases, signifying that innate immune response is a key promoter to plaque-induced toxicity [104] . Never the less TLR4 and RAGE have been suggested as a major mediator of AD [105, 106] and release of HMGB1 impairs memory by RAGE and TLR4 (Table 1 ) [107] . Furthermore, the release of HMGB1 can cause accumulation of neurotic plaques and the binding of Aβ will in turn inhibits phagocytosis and degradation of Aβ by microglial cells (Table 1) [108, 109] .
Traumatic brain injury
Traumatic brain injury (TBI) is a leading cause of morbidity and mortality and usually due to road traffic accidents and a result of acceleration and deceleration [110] . Shortly after traumatic injury, a vigorous inflammatory reaction is inducted in the injured brain, a squeal which involves the activation of resident glial cells (microglia and astrocytes) and the infiltration of blood leukocytes. Furthermore, cytokines (e.g., IL-1, TNF-α, and IL-6) and chemokines (MCP-1, MIP-1, and RANTES) drive the accumulation of parenchymal and peripheral immune cells in the injured brain regions [111] .
Research has shown that TLR4 facilitates innate immune activation and edema development after TBI. It has been proven that, there is correlation between immune activation and the augmentation of posttraumatic brain edema and the release of neuronal HMGB1 may induce microglial activation [112, 113] . There is time dependent increase in microglial TLR4 elucidation occurred within the peri-contusional cortex, exhibiting both a temporal and spatial overlap with edema formation [112, 113] . Inhibition of TLR4 mitigated the delivery of AQP4 an astrocytic water channel involved in the evolution of cellular edema although the mechanism responsible for microglia interaction with astrocytes remained undetermined. Therefore, the unique involvement in HMGB1-TLR4 signaling is the regulation of AQP4 and promotion of cerebral edema, a primary cause of patient mortality after brain injury by establishing the mechanism responsible for microglial-astrocytic interactions increases acute neurovascular injury using pre-clinical models and human tissue cultures [112, 113] .
Studies have shown that HMGB1 contribute to the degree of necrosis and apoptosis observed after TBI which leads to cell death and neurological morbidity [114] . Further studies in adults reveals the correlation between Glasgow Coma Scale score and HMGB1 levels which can serve as prognostic information in patients with severe TBI [115] . Researchers have also demonstrated that increased CSF levels of HMGB1 are associated with poor outcome in a study conducted to evaluate HMGB1 levels in ventricular cerebrospinal fluid (CSF) after TBI [116] . Studies have also demonstrated that the main receptors associated with HMGB1 and brain injury are RAGE, TLR-2 and TLR-4 which are ubiquitously secreted by CNS resident microglia, astrocytes and neurons (Table 1) [117, 118] . It is now clear that Anti-HMGB1 monoclonal antibodies could be a novel and effective therapy for TBI by protecting against blood-brain barrier disruption and reducing the inflammatory responses induced by HMGB1 [113, 119] . We propose that targeting HMGB1 signalling may be a promising therapeutic approach for the treatment of TBI in the general population, but more studies are required to further understand the pathophysiological role of this molecule in TBI.
Parkinson's disease
Parkinson's disease (PD) is characterized by abnormal accumulation of alpha-synuclein filaments in Lewy bodies which leads to neuropathological of the disease as well as sequestration of cellular protein into these protein aggregates hence contribute to the degenerative process. A classic motor phenotype emanating from substantial loss of dopaminergic neurons from the substantia nigra pars compacta (SNPC) is evident in PD [120] . The presence of inflammatory mediators such as TNF-α, IL-1β, IL-6, and Interferon(IFNγ in the cerebrospinal fluid and postmortem SNPC of PD patient confirmed the association between neuroinflammation and PD [103, 121] .
Studies have shown that alpha-synuclein binds to HMGB1 in Lewy bodies, but the outcome of the biding is not known [122] . Song et al. indicated that while the translocation of HMGB1 from the cytosol is inhibited when it interacts with alpha-synuclein, its interaction with Beclin-1 limits autophagy (Table 1) [123] . They again observed that corynoxine B inhibits the interaction between HMGB1 and alpha-synuclein and salvaged the impaired autophagy [123] . They therefore concluded that alpha-synuclein impairs the autophagy pathway by binding to HMGB1 in Parkinson's disease. Furthermore, in animal models of PD, an interaction between a microglial Pattern-recognition receptors (PRRs), Mac1, and HMGB1 was recognized. The HMGB1-Mac1-NADPH oxidase signaling axis is known to induce chronic inflammation and progressive dopaminergic neurodegeneration, indicating the possible role of persistent inflammation and chronic neurodegeneration [2, 92, 122, 124] .
Recent studies have shown that HMGB1 is not only found to co-localize with a-synuclein filaments in brain autopsy [122] but also found elevated in cerebrospinal fluid and serum [125] . Furthermore, systemic administration of neutralizing antibodies to HMGB1 has also been established to inhibit the microglial activation, suppress secondary neuroinflammation and thus inhibit the dopaminergic cell death upon neurotoxin exposure in PD models [125, 126] . Beclin1 (Atg6) is an evolutionarily conserved protein family that has been proven to function in autophagy process in a diverse variety of species [127] . In mammalian cells, Beclin1 function as a vacuolar protein sorting (Vps) protein and can bind to Class III PI3K Kinase (Vps34), thus forming a Beclin1-Vps34 complex which is of critical significance in autophagy modulation [128] . Accidentally, HMGB1, a novel endogenous Beclin1 binding protein, was recognized to compete with Bcl-2 to orient Beclin1 to autophagosome, thus contributing to the modulation of autophagosome development [129] . Huang et al. therefore proposed that HMGB1 and Beclin1-Vps34 complex may probably play an important role in autophagy modulation in the context of PD [130] .
Multiple sclerosis
Multiple sclerosis (MS) is a chronic inflammatory disease involving the brain, spinal cord, and optic nerves. It is also referred to as disseminated sclerosis or encephalomyelitis disseminate. There are four fundamental pathological characters of MS: (a) inflammation, of complex pathogenesis, which is generally believed to be the key trigger of the events leading to CNS tissue damage in the majority of cases, although recent evidence suggests that initial damage to neuroglial elements can initiate secondary inflammation in some cases; (b) demyelination, the hallmark of MS, where the myelin sheath or the oligodendrocyte cell body is destroyed by the inflammatory process; (c) axonal loss or damage; and (d) gliosis (astrocytic reaction to CNS damage) [131] .
The interaction between multiple components of the immune system and all elements of the CNS determine the pathogenesis of MS. T cells in the periphery become stimulated by a viral or another infectious antigen or a superantigen. These T cells are capable of producing inflammatory cytokines and may be differentiated or have the potential to differentiate on activation into Th1 (producing IFNgamma) or Th17 cells (IL-17, IL-22, IL-21) or cells producing both [131, 132] . Activated T cells upregulate integrins such as VLA-4 and are capable of crossing the BBB. Through the permeabilized BBB, attracted by chemokine release, other immune cells including B cells and monocytes/macrophages migrate into the CNS. There, they encounter the cognate antigen, probably originated from myelin antigen, presented by CNS resident or immigrant antigen-presenting cells (APC). These can be macrophages/microglia and in certain cases dendritic cells or astrocytes. On encountering the antigen, such autoreactive T cells are reactivated and differentiate, producing their signature cytokines, which activate the neighbouring immune or neural cells and attract further inflammatory cells into the CNS. Of these, it is especially activated macrophages that are thought to indirectly and directly damage the CNS [131] .
Wang et al. demonstrated that serum HMGB1 levels are elevated in patients with MS as compared to patients with other neurological disorders [16] . Andersson and associates also noted higher numbers of macrophages and microglial cells with nuclear and cytoplasmic secretion of HMGB1 than in white matter derived from controls during immunohistochemically staining of brains with MS at autopsy. They also indicated that HMGB1 and its receptors RAGE, TLR2, and TLR4 are highly released in active lesions of MS as well as in its counterpart animal model EAE, while being secreted at normal levels in inactive lesions (Table 1 ). Hence they concluded that the potential interaction of these molecules in the inflammatory process involved in pathogenesis [133] .
Sternberg et al. also confirmed elevation serum HMGB1 levels in patients with MS, as compared to healthy controls and proposed novel role of inflammatory-like cytokine in MS pathogenesis [134] . The origin of HMGB1 in MS patients' serum may be diverse. HMGB1 can find its way into the serum through intrathecal secretion [133] in patients with MS who often have BBB leakiness [135] . Further studies have indicated that the origin of HMGB1 in MS patients' serum may stem from both the secretion from immune-activated cells (macrophages/microglia) and from injured brain cells as well as neurons and astrocytes, where the protein is being synthesized [18] .
Autistic disorders
Autism is a neurodevelopmental disability associated with impairments in verbal communications, reciprocal social interactions, and restricted repetitive stereotyped behaviours [119] . The disease is characterized by recurrent uncontrolled immune function, reactive antibodies, and altered cytokine levels in the brain as well as altered function of innate immune cells [136] . Autistic disorder (AD) brain transcriptome studies identify molecular abnormalities in synaptic and immune/microglia markers gene expression, with the former being downregulated and the latter upregulated [137, 138] . Other genes related to inflammation (e.g., il-1raplp1, il-1r2, c4b, met, mch2, par2, mtor1, and par) have been reported to be differentially expressed in ASD as well [137, 139] . Furthermore, Genes involved in synapse formation or brain connectivity (e.g., fmr1, mecp2, shank3, tsc, neuroligin, and cntnap2) have been repeatedly linked to ASD [137, 140, 141] .
Studies have shown HMGB1 levels are higher in Autistic children as compare with healthy controls [142] and a high incidence of A-allele homozygosis in the GLO1 gene with reduction in Glo1 activity [143] . It has been suggested that HMGB1 receptors are involved in the pathophysiological mechanisms of autism. Research has shown evidence dysfunction in monocyte pathogen recognition and/or TLR signalling pathways when a study was conducted to determine abnormal sensitivity of peripheral blood monocytes, isolated from children with and without autism ( Table 1) [144] . Studies have also indicated that autism is associated with accumulation of methylglyoxal in the brain which leads to the formation of advanced glycosylated end products (AGE), which ultimately induces the RAGE mediated downstream signalling cascade (Table 1) [145] . We therefore suggest that further studies should carried to determine the correction between HMGB1 and this neurodevelopmental disorder since serum levels of HMGB1 could become a crucial biomarker in this disease.
Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis is a progressive neurodegenerative disorder caused by loss of motor neurons and extensive astrogliosis and microglial activation in the motor cortex and spinal cord. Most ALS cases are sporadic in origin; however, 5-10% cases are caused by an autosomal dominant mutation [2] . It is generally fatal within 5yr of diagnosis due to a progressive generalized paralysis, weakening respiratory muscles, and initiating respiratory failure [13] . In ALS patients and mouse models of ALS, areas with degenerating motor neurons are evident by the presence of abundant cytokines (e.g., TNF, MCP-1, TGF-β, and IFN-γ) and inflammatory cells (e.g., T cells, activated microglia, and astrocytes) [146, 147] .
HMGB1 and its receptors such as TLR2, TLR4, and RAGE are increased in reactive glia, whereas they are decreased in degenerating motor neurons in patients with amyotrophic lateral sclerosis, suggesting a possible role in the progression of inflammation and motor neuron degeneration (Table  1 ) [148, 149] . In addition, serum HMGB1 autoantibody is increased in patients with amyotrophic lateral sclerosis compared with patients with Alzheimer's disease and Parkinson's disease [150] . These findings suggest that HMGB1 autoantibody may be a biomarker for amyotrophic lateral sclerosis [150] .
Trigeminal neuralgia
During trigeminal nerve injury, inflammatory process leads to the secretion of pro-inflammatory cytokines, growth factors, hydrolytic enzymes and nitric oxide (NO), with resulting decrease in nociceptors activation threshold and increase in nervous fiber excitability [151, 152] . Besides, inflammation and inflammatory mediators' secretion, neuropeptides and neutrophic factors, degenerative nervous fibers changes caused by direct damage, such as axonal injury and demielination, are also relevant peripheral mechanisms. Cytokines like TNF-α, IL-1β and IL-6 have been implied both in central and peripheral sensitization Trigeminal neuralgia: peripheral and central mechanisms [151, 153] . TNF-α is able to promote neuronal hyperexcitability, to increase excitatory transmission and to promote inflammation in several nervous system levels, becoming an important mediator for chronic neuropathic pain, in addition to an excellent therapeutic target [151, 153] . IL-1β produces systemic inflammation, induces substance P (SP) and NO production, having important function in pain development and maintenance. There are strong evidences that IL-1β reinforces synaptic transmission and neuronal activity in several nervous system sites [151, 153] . IL-6, in turn, promotes neutrophils maturation and activation, maturation of macrophages and differentiation of cytotoxic T and natural killer lymphocytes [151] . IL-6 is predominantly pro-inflammatory in neuropathic pain, promoting inflammation exacerbation through the activation of glial cells in the central nervous system [151, 153] .
Karatas et al. hypothesize that stress-induced neuronal Pannexin1(Panx1) activation may cause headache by releasing pro-inflammatory mediators such as HMGB1 from neurons, which triggers a parenchymal inflammatory response leading to constant release of inflammatory mediators from glia limitans thereby prolonging trigeminal stimulation [154] . They indicated that while HMGB1 and IL1b released during cortical spreading depression (CSD) may take part in triggering of the inflammatory response, NF-kB activation in astrocytes may induce formation of cytokines, prostanoids, and inducible NO which may be released to the subarachnoid space via glia limitans thereby stimulating trigeminal nerve endings around pial vessels (Table 1) . Therefore suggested that by promoting constant headache, HMGB1 levels may serve biomarkers that can predict that the brain parenchyma has been stressed by CSD or CSD-like events [154] . Other researchers are of the view that HMGB1 is most likely not the only mediator carrying out this function since other cytokines as well as microglia may also take part along the course of inflammatory response [155, 156] .
Neuromyelitis optica
Neuromyelitis optica (NMO) or Devic's disease, is a rare autoimmune disorder characterized by recurrent optic neuritis or myelitis and manifested clinically with loss of vision, muscle strength, and coordination, sensory impairment, as well as paraplegia or even tetraplegia. NMO-IgG from NMOpositive patients' serum was found to bind to distal urine-collecting tubules and to basolateral membranes of the epithelial cells of the gastric mucosa. This distribution suggested the water channel protein, AQP4 as the target autoantigen in NMO. AQP4 is an integral protein of astrocytic plasma membranes and is highly concentrated in the astrocyte foot processes [157] . In most NMO patients CSF analysis exhibits some abnormalities. Neutrophils are commonly found, and even the presence of eosinophils can be noted [158] . Protein content and some cytokines as interleukin (IL)-17 and IL-8, and the numbers of IL-5 and IL-6, IgG and IgM secreting cells are increased [158, 159] .
Many researchers have demonstrated elevation of HMGB1 in Serum and cerebrospinal fluid in patients with NMO which implies that HMGB1 could be a potential diagnostic marker for NMO in the early stages [15, 16, 160] . Uzawa et al. proved a marked elevation of CSF HMGB1 levels in NMO patients compared with those in MS and ONNDs patients. They also noted that CSF HMGB1 levels in NMO patients were also positively correlated with the CSF cell counts, CSF protein levels, CSF IL-6 levels, CSF GFAP levels and QAlb. They indicated that the elevation of CSF protein content and QAlb could be due to blood-brain barrier disruption, as increased permeability of the blood-brain barrier may have facilitated the access of anti-AQP4 antibody to astrocytes and further infiltration of the immune components into the CNS. They further explained that the elevation of CSF HMGB1 levels in NMO patients might be due to severe CNS inflammation or due to cell death by necrosis or apoptosis. They therefore concluded that the positive link between CSF HMGB1 and CSF GFAP levels indicates that the damage (necrosis or apoptosis) to astrocytes could be the origin of CSF HMGB1 and elevated CSF HMGB1 levels may be a consequence of initial cell destruction by anti-AQP4 antibody and an epiphenomenon (Table 1) [160].
Anorexia nervosa
Anorexia nervosa (AN) is an eating disorder primarily affecting girls and young women characterized by pathological fear of becoming fat, distorted body image, excessive dieting and emaciation.
The role of inflammation in AN is suggested by several lines of evidence [161] . Animal models proven that several pro-inflammatory cytokines lead to early satiety through interaction with hypothalamic neuropeptides. IL-6 and IL-1 have anorexigenic effects, interacting with leptin [162, 163] , while TNF- stimulates the production of anorexigenic peptides [164] . Human data support this preclinical evidence. For example, different inflammatory mediators are known to reduce hunger leading to anorexia as observed in many chronic diseases [165] , and case reports of patients affected by AN revealed significant weight gain and psychopathological improvement when inflammatory pathways were suppressed by immunosuppressive therapies [166] . Though, it remains unclear how inflammation may interact with neuropeptide Y, an orexigenic peptide, which could play a part in binge-purging behaviors [167] and which has been reported to being elevated in AN [168] , with cholecystokinin, a neuropeptide possibly playing a part in the adaptation of appetite to low food intake in AN [169] , or with leptin, the "satiety hormone", which has been consistently reported being decreased in AN [170] . Finally, inflammation can be associated with depression, which is an important comorbidity in AN [171] . Since anorexia is a symptom of depression, the association between AN and depression could partially explain patients with AN can resist extreme starvation [161] .
Studies have shown that administration of HMGB1 into cerebral ventricles in rats reduces food intake and in a model of endotoxemia, passive immunization with antiHMGB1 antibodies attenuated the development of hypoplasia [18] . When HMGB1 was evaluated in patients with AN at baseline, it was notes that high HMGB1 values recorded in AN patients who did not respond to nutritional rehabilitation and cognitive behaviour therapy [172] . We suggest that further studies are needed to determine the association between serum HMGB1 and signalling mechanisms involved in AN pathological process.
Seizure disorders
Seizure disorder, is characterized by a sudden change in behavior including loss of consciousness as result of increased electrical activity in the brain. Experimental and clinical findings support a significant responsibility of inflammation in the mechanisms underlying the generation of seizures [173] . Rodent studies showed that seizures stimulate high levels of inflammatory mediators in brain regions that are intricate in the generation and propagation of epileptic activities [174, 175] . Proinflammatory cytokines (e.g., IL-6, IL-1β, and TNF-α) are upregulated in activated astrocytes and microglia that activate a cascade of inflammatory events, involving neurons and vascular endothelial cells. Furthermore, inflammatory cytokines stimulate multiple pathways such as NF-B, cyclooxygenase-2 (COX-2), complement system, chemokines, and acute phase proteins [176, 177] . The rapid release of DAMPs from neurons, astrocytes, and microglia following proconvulsant injuries and activation of TLRs in astrocytes and neurons is considered as a critical event for initiating brain inflammation [178, 179] . In seizure models, brain inflammation is thought to be elevated by BBB breakdown via the disruption of tightjunction organization [180] [181] [182] .
Studies have confirmed elevation of Serum HMGB1 levels in child febrile seizure patients [183] and experimental models of seizures and in temporal lobe epilepsy showed that HMGB1 contributed to seizures in a TLR-4-dependent pathway by triggering tissue damage and the inflammatory response [178, 184] . Current studies have demonstrated that HMGB1 contributed to seizes vie receptors such as IL-1 receptor, TLR2, RAGE, and NMDAR (Table 1) [185] [186] [187] [188] [189] which means that a complex receptor interaction is required for HMGB1-induced seizure.
Cerebrovascular accidents
Cerebrovascular accidents (CVA) is a sudden interruption of the blood supply to the brain caused by ruptured of an artery in the brain (cerebral haemorrhage) or the blocking of a blood vessel as by a clot of blood (cerebral occlusion). Hypoxia and energy deficiency cause Sudden cellular injury or death. The activation of microglia was seen in the penumbra after the first hour to days of ischemic event [190, 191] . Several studies have directly linked inflammatory reactions with the degree of stroke associated brain damage and infarct growth. Moreover, inflammation mediators, infarct size, and brain edema were markedly reduced by anti-inflammatory treatments [190, 192] . The activation of innate immune responses has significant function in the generation of proinflammatory molecules. Additional, DAMPs such as heat shock proteins (HSPs) and adenosine triphosphate (ATP) are thought to be released from dying cerebral tissue after stroke that are sensed by putative receptors (e.g., TLR2, TLR4, and RAGE) to signal mitogen-activated protein kinases (MAPKs) and nuclear factor-kappa B (NF-B) resulting the stimulation of inflammatory cascades, leading to the expression of TNF-α, IL-1β, ICAM-1, VCAM-1, E-selection, and iNOS [190] .
Zhou and colleagues demonstrated that HMGB1 levels were elevated in patients with intracerebral haemorrhage (ICH) as compared to controls. They also indicated that the severity of stroke determines the level of expression of HMGB1 since patients with ICH and poor outcome had higher levels of HMGB1 than those with a favourable outcome. They further indicated that there is interrelationship between HMGB1 levels and the National Institutes of Health Stroke Scale (NIHSS) at day ten after stroke, and with the modified Ranking scale score at 3 months and that HMGB1 also has interrelationship with IL-6 and TNFα levels in patients with ICH (Table 1 ) [193] .
Newburger et al. also observed elevation of HMGB1 levels in patients with cerebral vascular ischemia within 24 h after the onset of symptoms as compared to control subjects [194] . They also noted that elevation of HMGB1 levels in patients with stroke remain up to 14 days after the ischemic event as compared to normal controls while levels of the natural inhibitors of HMGB1, soluble RAGE (sRAGE) and esRAGE, remain unremarkable compare with control subjects within 48 h following stroke. Tang et al. observed the interrelationship between HMGB1 levels in patients with stroke and IL-6 levels but not with the extent of brain tissue destruction using CT morphometry. They indicated that patients with stroke has significate elevation of activated CD4+ T-cells in peripheral blood secreting CD25 or HLA-DR when compared to controls [195] . They proposed that due to the resemblance of the kinetics of serum HMGB1 and the kinetics observed for the absolute number of CD4+ T-cells secreting HLA-DR, they proposed a hypothesis that HMGB1 acts as a link between brain tissue destruction by ischemic injury and the activation and Th1 priming of T-cells (Table 1 ) [195] .
Neuropathic pain
Neuropathic pain is caused by nervous system injury and persistent alterations in pain sensitivity. The crosstalk between glial cells and neurons is significant in the progress of neuropathic pain. Proinflammatory cytokines such as IL-1β, IL-6, and TNF produced by glial cells and neurons accelerate central pain sensitization, and inhibition of these cytokines in the CNS and PNS effectively reduces neuropathic pain [196, 197] . Brain-derived neurotrophic factor (BDNF) derived from activated microglia potentiates the excitability of spinal neurons [198] . Microglial IL-18, a member of the IL-1 family, also plays a pivotal role in neuropathic pain [199] . IL-1β generated by macrophages and Schwann cells in injured nerves directly sensitizes nociceptors in primary afferent neurons [200] . IL-1 stimulates the secretion of substance P from DRG neurons [201] and neuropathic pain is reduced in IL-6 CCL2-knockout (KO) mice [202] . IL-6 can similarly contribute to pain by increasing the sensitivity of nerve endings [202] . IL-6 can increase neuropathic pain in the dorsal horn by activating STAT3 signaling in glial cells after peripheral nerve injury. The STAT-3 pathway is a fundamental mediator of signal transduction in neuropathic pain [203] . IL-17 is an essential regulator of immune responses and is involved in stimulating and mediating proinflammatory reactions in a wide range of inflammatory and autoimmune diseases of the nervous system. Using IL-17 KO mice, it has been proven that IL-17 contributes to neuroinflammatory responses and pain hypersensitivity following neuropathic injury [196, 204] .
Initial studies implicated TNF-α as having toxic effects on myelin, Schwann cells, and endothelial cells, and may be involved in the pathogenesis of demyelination and the breakdown of the blood-nerve barrier in autoimmune neuropathies. Many researchers have demonstrated that HMGB1 is secreted from neurons and satellite cells during and after nerve injury and augments pain hypersensitivity via RAGE or TLR4 (Table 1) [205] [206] [207] . Further studies have demonstrated that HMGB1-neutralizing antibody inhibited pain onset in aneuropathic pain model [208, 209] . Karatas et al. recently noted that Panx1 channel which is a mediator of migraine and depression also mediated HMGB1 secretion from neurons (Table 1 ) [154] . They indicated that blockade of panx-1 channels by carbenoxolone inhibits HMGB1 secretion in neurons and macrophages, which usually involved in the PKR-signaling pathway (Table 1) [154, 210] .
Neurological infectious diseases
Meningitis is an acute inflammation of the dura membranes covering the brain and spinal cord which may evolve in response to a number of pathogens such as bacteria, viruses, fungi, physical injury, cancer, or drugs. The binding of a cytokine or chemokine ligand to its cognate receptor during CNS infections results in the activation of the receptor, which in turn triggers a cascade of signaling events that regulate various cellular functions such as cell adhesion, phagocytosis, cytokine secretion, cell activation, cell proliferation, cell survival and cell death, apoptosis, angiogenesis, and proliferation [196, 211] .
Pneumococci can cross the BBB, so microglia may respond directly to intact bacteria or to pneumococcal cell wall antigens and produce a wide array of inflammatory mediators including TNF, IL-6, IL-12, keratinocyte-derived chemokine (CXCL1/KC), CCL2/MCP-1, CCL3/MIP-1α, CXCL2/MIP-2, and CCL5/RANTES, as well as soluble TNF-α receptor II, a TNF antagonist. The production of these inflammatory mediators is associated with the activation of the extracellular signalregulated protein kinases ERK-1 and ERK-2 via a MAPK intracellular signaling pathway [212, 213] . Homologous antibodies to TNF, IL-1α and IL-1β inhibited leukocytosis and brain edema and moderately decreased BBB permeability in this model of meningitis [214] . The anti-inflammatory cytokine IL-10 has been implicated in playing a role in modulating the immune response by downregulating TNF, IL-6, and keratinocyte-derived chemokine (KC), thereby reducing CSF pleocytosis in pneumococcal meningitis [215] . IL-8 appears to regulate CSF pleocytosis in pneumococcal meningitis from the systemic compartment, similar to that seen for TNF, IL-10, and TGF-β [216] .
Resultant abscess formed at the site of infection may result in inflammation accompanied by edema, neuronal toxicity, seizures, and long-term cognitive loss [217] . Researchers proven that S. aureus not only induces brain abscesses but also elicits rapid and sustained expression of numerous proinflammatory cytokines and chemokines including IL-1β, TNF, IL-12 p40, CXCL2, CCL2, CCL3, and CCL4 [218] [219] [220] . Leukocyte recruitment elicited by microglia into the infected CNS facilitates bacterial clearance during abscess development. Microglia also exert S. aureus bactericidal activity. The organism is a potent inducer of numerous inflammatory molecules in microglia such as TNF, IL-1β, and CXCL1, among others [221, 222] . Necrotic damage associated with brain abscesses and other CNS infections is accompanied by release of endogenous host molecules that could potentially exacerbate parenchymal necrosis in addition to that mediated by unchecked microglial activation. On the other hand, cytokines like IL-1β, TNF, and IL-6 may exert beneficial effects on the establishment of host antibacterial immune responses. A study that assessed the relative significance of IL-1β, TNF, and IL-6 in experimental brain abscess using cytokine KO mice revealed that IL-1 and TNF play a key role in directing the ensuing antibacterial response, as bacterial burdens were significantly higher in both IL-1 and TNF-α-KO mice compared to wild-type mice which correlated with enhanced mortality rates in KO mice [223] .
Tang et al. observed the elevation of HMGB1 levels in patients with bacterial meningitis as compared to controls [224] . Many studies have indicated the role HMGB1 in sustaining inflammation in CSF and brain damage during bacterial, aseptic, and tuberculous meningitis [224] [225] [226] . Studies have shown that tissue damage secondary to meningeal inflammation is induced by TLR signaling activation (Table 1 ) [227] [228] [229] . HMGB1, massively released into the cerebrospinal fluid, acts as an inflammatory cytokine through TLR pathway, mediating meningeal inflammation. Meningococcal CpG-DNA-HMGB1 enters in the cells by endocytosis and then binds to TLR9, inducing activation of inflammatory cytokines (Table 1 ). Alleva and co have also observed a pathogenetic role of HMGB1 in children showing cerebral symptoms as a result of severe falciparum malaria. They noted elevation of HMGB1 levels in patients with malaria as compare to controls, and proposed that HMGB1 levels are strictly related to patient's prognoses [230] . We propose that HMGB1 in the cerebrospinal fluid could become biomarkers for neurological infection diseases. However, further studies are required to find out the receptors needed in the pathogenesis between HMGB1 and neurological infections.
Gliomas
Human malignant brain tumor specimens including glioma, neuroblastoma, and medulloblastoma secret a high level of diverse cytokines that are involved in numerous pathways of cancer progression [231, 232] . Obviously, IL6 has a significant relationship with brain cancer development. When it is released from astrocytes, IL-6 facilitates tumor development through induction of angiogenesis, cell proliferation and resistance to apoptosis [233] . IL-8, a powerful mediator of angiogenesis, is extremely over secreted in most brain cancers [234] . It stimulates the production of MMPs that play an essential part in angiogenesis and also stalls the apoptotic death of endothelial cells which in turn produces more MMPs. Another important role of IL-8 is its chemotactic attraction of diverse leukocytes, particularly neutrophil, which characterizes its involvement in various inflammatory responses and infectious disease. Upon secretion by monocytes and macrophages, IL-8 endorses migration of neutrophils, basophils, and T-lymphocytes [231] .
Macrophages immensely insinuate brain tumor microenvironment, and its concentration correlates with tumor the grade in GBM. Therefore, IL-8 is mainly present in the perivascular areas of pseudopalisading cells near the necrosis. High-grade gliomas show amplified secretion of IL-8. The endogenous release of IL-8 is very low or almost undetectable in normal CNS areas because firmly regulated cytokine. The abnormal secretion of IL-8 in GBM is believed to be instigated by the activation of NF-κB. In glioma microenvironment TNF-α secretion lead to advancement tumor formation and angiogenesis [235] . It creates neovascularization through the stimulation of VEGF and IL-8. A study has discovered that TNF-α can activate phosphorylation of NF-κB and signal transducer and activator of transcription 3 (STAT3) which lead to augmented expression of IL-6 in tumor site [236] . Another study confirmed TNF-α stimulated increase in major histocompatibility complex class I (MHC-I) expression and transcriptional activation which was synchronized with elevated HIF-1α, NF-κB, and β-catenin activities [237] . Therefore, TNF-α enables glioma cells to leak from immune response and grow aggressively in the inflammatory microenvironment. TNF-α additionally plays an important part in tumor growth by activating macrophages through SDF-1 stimulation to attack T-cells and other immunogenic factors [231] .
In a study, using GBM tumor samples, TGF-β presented the highest mRNA expression levels out of 53 cytokines examined [238] . Nevertheless, all three isoforms of TGF-β (TGF-β1, TGF-β2, and TGF-β3) are profusely release in brain cancers, TGF-β2 is the primary isoform highly secreted in GBM and stimulate proliferation of cancer cells. TGF-β2 acts as immunosuppressive cytokine and negatively interferes with the DC maturation and downstream function by lowering MHC class II expression on CD4+ T-cells [239] . Subsequently, the IL-12 production by DC reduces, which is essential to stimulate subsequent T-cell proliferation and interferon (IFN) production. This cascade of events effectively results in GBM evading the host immune system. Macrophage Migration Inhibitory Factor (MIF) might act as a pro-inflammatory cytokine and take part in the regulation of immune and inflammatory responses [240] . It has functions in the pathophysiological process as well. The inflammatory function of MIF is mediated through improved secretion of Toll-like receptor-4 (TLR4) and amplifies production of inflammatory cytokines including IL-6, IL-1, and TNF-α [241] . IL-1β is produced in astrocytomas and other brain tumors and can contribute to tumor growth and metastasis [242] . It induces secretion of other pro-inflammatory cytokines and growth factors in astrocytoma and influence astrocytoma cell function and growth. IL-1β can also cause NF-κB activation through IκB [231] .
Studies have shown that necrotic cells can secrete HMGB1 into the extracellular environment [243] , and necrosis is a hallmark of malignant gliomas. It well noted that continues secretion of HMGB1 accelerates the growth and progresses of Gliomas leading to progressive necrosis of the lesions. This was supported by Jing and colleagues who explored the role of HMGB1 gene in the U251 and U-87MG cells and also concluded that the up-regulated HMGB1 secretion plays a crucial role in the development of gliomas. Their result also indicated that early apoptosis eventuated in glioma cells and the percentage of apoptotic cells was higher than that in the untransfected group of mice after upregulating the secretion of HMGB1 [244] . Further studies have indicated the degree of secretion of HMGB1 in different pathological grade of gliomas and noted gross difference between them. The fundamental role of HMGB1 in necrosis and malignancy in glioma is due to an autocrine factor which enhances the growth and migration of tumor cells (Table 1) [245, 246] . Other authors are of the view that HMGB1 that is secreted into the extracellular environment may cause surrounding tumor cells to undergo constant proliferation and induce the regeneration of small blood vessels, thus bolstering tumor growth. HMGB1 may cause tumorigenesis by disordered gene secretion, resulting in glial cells obtaining a tumor phenotype and resistance to apoptosis (Table 1) [247] . studies have also indicated that the necrotic tumor cells which secrete HMGB1 facilities tumor growth and infiltration into the surrounding brain tissue hence presents a stronger resistance, which makes it difficult to attain whole resection leading to poor prognosis [246, 248] . Also cells growth and migration in gliomas in vitro were suppressed when HMGB1 was inhibited [244] . Further studies have indicated that HMGB1 secretion is occurs in reactive astrocytes [249] and that GFAP and HSP27 proteins, markers for reactive astrocyte, were not changed, and because morphological change of GFAP-positive astrocytes could not be detected in aged brain it is unlikely that the increase of HMGB1 in astrocytes during aging corresponds to reactive gliosis [91] .
Psychological stress
Innate immune reactions are now thought to be a general etiology of many psychiatric illnesses including posttraumatic stress disorder (PTSD), depression, and bipolar disorder [250, 251] . Acute exposure to stressor induces a rapid increase of proinflammatory cytokines in stress-reactive areas of the brain such as hypothalamus and hippocampus [252] . Johnson et al. indicated that the rapid increase of IL-1β expression in glial cells is due to the release of norepinephrine in response to stressful events [253] . More recent Weber et al. implicated HMGB1 as a stress signal to prime microglia for the expression of proinflammatory mediators in the brain. They indicated that Blocking of TLR2 and TLR4 prevented neuroinflammatory responses during stress exposure which further supported the notion of neuroinflammation during psychological stress (Table 1 ) [254] .
Conclusion
Intracellular and extracellular HMGB1 play significantly different roles in several diseases including CNS disease described above. The current function for HMGB1 is as an autophagy regulator, which has been linked to the pathogenesis several diseases and more importantly CNS diseases. In lined with the role of HMGB1 in the pathological process of CNS diseases we proposed HMGB1 could become a crucial biomarker and therapeutic target in these conditions. Although numerous strategies have been employed in the inhibition of HMGB1 expressions and activity in inflammation-associated diseases, more research is required to gain further insight into the association of HMGB proteins and signaling mechanisms involved in CNS disease.
